Objecti6e: Protruding atheromas of thoracic aorta have been identified as a source of systemic emboli and a major cause of stroke following cardiac surgery. This prospective study used transesophageal echocardiography (TEE) to identify atherosclerosis of thoracic aorta intraoperatively. The influence of risk factors was studied. Finally the impact of modifying surgical technique on the outcome was evaluated. Methods: Seven-hundred and ninety-two patients undergoing coronary artery bypass grafting (CABG) were evaluated with TEE. Depending on the location and extent of thoracic aortic disease various surgical modifications were carried out, e.g. hypothermic circulatory arrest with aortic arch atherectomy, CABG on beating heart and others. The stroke rate in this group of patients was determined and analysed. Results: Of the 114 patients with grade II and III atheromas of aortic arch and ascending aorta in whom surgical modifications were done, none had stroke. The overall stroke rate in the study group was 0.76%, six patients had stroke. Stepwise logistic regression identified age, diabetes, serum triglycerides and VLDL as important risk factors. Associated carotid artery disease and calcium on chest X-ray (CXR) were identified as important predictors of disease. Conclusions: Intraoperative TEE is an invaluable modality for evaluating the thoracic aorta. There is significant reduction in stroke rate following identification of atheromas and modification of surgical technique. © 1997 Elsevier Science B.V.
Introduction
There has been a steady decline in mortality following cardiac surgery as a result of improved techniques of myocardial protection and sophisticated perioperative care.
However, there has been a rise in the non-cardiac causes of mortality and morbidity; one of the major causes being stroke [7] . A stroke, which complicates an otherwise uneventful coronary artery surgery, is a dreadful complication, devastating to both patient and surgeon. Most series report an incidence of major neurological complications in the range of 2-5%, while minor neuropsychiatric complications have been reported as high as 50% [7, 22] . A variety of factors have been implicated in the development of these, LV thrombus, air embolism (including micro embolism), embolism of platelet aggregrates, concomitant carotid artery disease, low perfusion pressure on cardiopulmonary bypass, atherosclerotic debris from the aorta and a host of others [6, 7] . In the absence of documented carotid stenosis or intracardiac thrombi, which is usually the case, the pathogenesis remains hypothetical, a matter of conjecture, an academic exercise.
Recent evidence suggests a much higher incidence of atherosclerosis of the thoracic aorta than hitherto suspected, the lesions are observed among elderly patients and among those with known risk factors such as hypertension, diabetes mellitus, and hypercholesterolemia [2, 15] . Protruding atheromas of the thoracic aorta have been identified as a source of systemic embolization [10, 21, 26] . Manipulation of the severely atherosclerotic aorta is believed to be the main factor responsible for atheroembolism during cardiopulmonary bypass [3, 13, 27 ]. An exciting development has been the use of intraoperative echocardiography, initially by a hand held probe [1, 27, 28] and more recently by transesophageal echocardiography to image the thoracic aorta [15, 16] . The purpose of this study was to study the incidence of atherosclerosis of the thoracic aorta in Indian patients undergoing coronary artery bypass grafting (CABG) using multiplane transesophogeal echocardiography, to study the influence of various risk factors, and to determine the impact of modifying surgical technique on the outcome.
Methods
During a two year period (Jan 1993 -Dec 1994), 792 patients more than 50 years of age, undergoing coronary artery bypass grafting using cardiopulmonary bypass were prospectively studied. The patients were studied consecutively, informed consent was taken from all patients prior to the study. The study was approved by the ethics committee of the institute.
Seven-hundred and fifty-two underwent CABG, six underwent coronary artery bypass grafting with concomitant carotid endarterectomy, 14 underwent coronary artery bypass grafting in conjunction with valvular surgery, eight underwent CABG and left ventricular aneurysmectomy and 12 underwent redoCABGs (Table 1) .
Duplex carotid echo-Doppler was also performed in all patients. Lesions were described as obstructive plaques when more than 50% stenosis was present with increased Doppler velocities and non-obstructive when less than 50% stenosis was present.
Transesophageal echocardiography (TEE)
After induction of general anesthesia, a multiplane phased array dual frequency 3.7/5 MHz transesophageal transducer was placed in position to view the thoracic aorta. A Hewlett-Packard SONOS 1500 system was used.
All images were recorded on a 1/2 inch videotape for subsequent playback and evaluation. The descending aorta was visualised by rotating the transducer at the level of the left atrium. The probe was then introduced into the stomach and gradually withdrawn up to the aortic arch, while recording all images from 0-180°. Ascending aorta was imaged from the aortic root, 5-7 cms of the supravalvular ascending aorta could be visualised.
Definition of aortic disease
Particular attention was paid to obtaining good echocardiographic images of the thoracic aorta systematically. Instrument settings, gain and time-gain compression were established for each patient to optimize arterial wall brightness and definition. An attempt was made not to alter these settings throughout the study.
Three methods were used to evaluate aortic arch disease (1) Chest X-ray (CXR) film for the presence of aortic calcification. (2) Gentle digital palpation of the ascending aorta by the surgeon. The extent of wall thickening and hardening were graded as none, mild, moderate and severe. (3) Transesophageal echocardiography was used to evaluate the thoracic aorta for the presence of calcium and atherosclerotic lesions. We assessed the distribution of atherosclerotic lesions by dividing the entire thoracic aorta into three segments as follows: -Ascending Aorta -Aortic Arch -Descending Aorta The atheromatous lesions of the aorta were graded by TEE as follows: Grade I Simple smooth surfaced plaques, focal increase in echodensity and thickening of intima extending less than 5 mm into the aortic lumen. Grade II Marked irregularity of intimal surface, focal increase in echo density and thickening of adjoining intima with overlying shaggy echogenic material extending more than 5 mm into the aortic lumen. Grade III Plaques with a mobile element.
The aortic wall was considered normal when the intimal surface was smooth and regular. The presence of aortic calcification was defined echocardiographically as bright appearing echoes that caused acoustic masking and signal dropout distally.
A cerebrovascular event was classified as transient ischemic attack (TIA) or stroke. TIA was defined as focal cerebral dysfunction of presumed vascular origin that resolved completely within 24 h. A stroke was defined as a focal or global cerebral dysfunction of presumed vascular origin lasting more than 24 h. For the statistical analysis of neurological events TIA and stroke were considered as one group.
A cerebrovascular event was considered as embolic only with strong clinical and computed tomographic (CT) evidence. CT was done for every patient who had clinical signs of a neurological event.
A peripheral vascular event was classified as embolic if there was supporting clinical, angiographic or surgical findings.
Preoperative evaluation of risk factors for atherosclerosis were recorded, i.e. hypertension, smoking, diabetes mellitus, hypercholesterolemia and family history of coronary artery disease. The patient was also evaluated for other known associated conditions, i.e. carotid artery disease, left main stem disease, presence of calcium on chest radiograph, peripheral vascular disease and redo surgeries, patients with history of previous intraaortic balloon counter pulsation (which may have caused intimal damage).
Surgical technique
After median sternotomy, the pericardium was opened and the ascending aorta gently palpated for calcification or atherosclerosis. In the meantime, TEE was performed and the aorta imaged. Depending on the presence and extent of disease in the thoracic aorta, the need for modifying surgical technique was decided upon.
Ascending aorta
In the presence of mild disease (group I) usually no modification was required. In the presence of grade II atheromatous disease, if the disease was in the proximal portion, high aortic cannulation was done along with relocation of the vein graft and cardioplegia needle to another site. Greater use was made of arterial conduits and a side biting clamp was avoided, the proximal anastomosis was done on cross clamp (after the distal anastomosis) while rewarming, injecting warm potassium free perfusate through the retrograde coronary sinus cannula using the Blood Cardioplegia Delivery System (Shiley). If a lesser number of proximals were desirable on the ascending aorta, then the conduits were taken piggy back on IMA or vein grafts. Patients with disease in the distal portion of the ascending aorta precluding aortic cannulation had femoral artery cannulation and fibrillatory arrest without crossclamping. Arterial grafts were used. In patients with extensive disease of ascending aorta with suitable coronary anatomy, grafting was done on the beating heart without CPB. For standard technique of CPB, we use a membrane oxygenator, hypothermia to 30°C, hemodilution to a hematocrit of 25-30% and pulsatile perfusion. Mean arterial pressure is maintained at 50-70 mmHg. After crossclamping, both antegrade and retrograde cardioplegia were used for myocardial protection. However, this technique was modified in several instances (depending on aortic atherosclerosis) as detailed below.
Aortic arch
Patients with grade II and III arch atheromas had modification depending on the location of the atheroma. We divided the lesions present in the arch into those present in the proximal two-third of the arch and those present in the distal one-third of the aortic arch. If the atheroma was located in the distal one third of the arch, then either no modification was done or a minor change in technique was resorted to, short aortic cannulation (only the tip of the cannula was in the aorta) with non-pulsatile flow on pump (to avoid the sand-blast effect of the jet on the lesion) (Fig. 1) . All atheromas in the proximal two thirds of the arch, whether grade II or III had modification in technique either femoral artery cannulation with fibrillatory arrest or long cannula beyond the atheroma. In six patients aortic arch debridement was done. After right atrium to femoral artery bypass was established, the patient was cooled to 15°C rectal temperature and on low flows (up to 500 ml/min), the aortic arch opened by making a 3-4 cm longitudinal incision. The atheromatous material was found bulging into the lumen of the aorta. These atheromatous areas correlated with those seen on TEE. Rongeurs were used to remove all the loose friable atheromatous material followed by vigorous irrigation. During the period of low flows, the brain was perfused retrogradely through a cannula in the superior vena cava at 200 ml/min to prevent air and debris from entering into cerebral vessels. The aorta was then closed using 4/0 Prolene. The average period of low flows lasted about 12 min, ranging from 10-15 mm. After evacuating the air from the arch, it was closed and CABG then performed. 
Descending aorta
In the descending aorta atheromas no modifications were done except non-pulsatile flows. The atheroma was continuously monitored in real-time echocardiographically.
Statistical analysis
The values are expressed as Mean 9 S.D. The univariate analysis for continuous variables was done using Student's t-test. The categorical data was analysed using 2 analysis or Fisher's exact test whichever was applicable. Multivariate analysis was done using stepwise logistic regression. A P value of less than 0.05 was considered as significant.
Results
A total of 792 patients undergoing elective as well as urgent surgery for IHD were recruited into the study. There were 696 males and 96 females (Table 1) .
TEE examination revealed that grade II and III atheroma was encountered most frequently in the arch (transverse portion) of the aorta while it was least common in the ascending aorta. The incidence of atheroma is shown in Table 2 .
Another important and surgically relevant finding was diffuse calcification in the wall of the aorta without a protruding atheroma (Table 3) . Calcification in the aorta as seen on X-ray correlated well with TEE visualisation of calcium. However, abnormal ascending aorta on palpation was detected in only five (25%) of the 20 patients with calcification or grade II/III atheroma.
Four patients had calcification in the ascending aorta so that cannulation or clamping was dangerous.
Two of these patients had CABG on a beating heart (without CPB) using bilateral IMA. Both the remaining patients underwent CABG on femoral bypass. One of these had calcification in the distal one-third of ascending aorta, permitting a small side biting clamp to be applied for a single vein graft in addition to the IMA. In the other patient the disease in the obtuse marginal was not critical and it was not bypassed ( Table 4) .
One-hundred and fourteen patients having grade II or III atheroma or calcium in the ascending aorta or arch required a modification in the surgical technique, the decision regarding the optimum technique for a particular patient being taken at that time. Although grade II and III atheroma was seen in 36 out of 792 patients in the descending aorta, no attempt was made to modify the technique.
We found atheromatous disease in the ascending aorta to be uncommon. In addition to four patients with calcification as already mentioned, six patients had grade II and III atheroma in ascending aorta. In two of these patients with suitable coronary anatomy CABG without CPB was done on a beating heart using bilateral IMA for the LAD and RCA. Two other patients had femoral cannulation and arterial grafts on hypothermic fibrillation. In the remaining two patients with proximal atheroma, high aortic cannulation was possible for CPB (Table 4) .
Atherosclerosis was seen most frequently in the aortic arch, including grade III atheroma with large mobile filamentous protrusions (Fig. 2) . There were 88 patients Table 4 Surgical modification in grade II and III ascending aorta atherosclerosis/calcification A. Total no. of patients with grade II and III atheromas 6 High aortic cannulation, relocation of vein grafts 2 CABG with arterial grafts on beating heart (without CPB) 2 Femoral artery cannulation and arterial grafts 2 B. Total no. of patients with calcium in ascending aorta 4 CABG with arterial grafts on beating heart 2 2 Femoral artery cannulation and arterial grafts with grade II and 20 patients with grade III atheroma. Surgical modification in grade II atheroma is shown in Table 5 , and included short aortic cannulation and non pulsatile flows, femoral artery cannulation with fibrillatory arrest and CABG without CPB (on beating heart).
Of the 20 patients with grade III atheroma six underwent aortic arch debridement. In the early part of the study, in one patient with large, non-mobile proximal arch atheroma we inserted a long aortic cannula beyond the left subclavian artery to prevent the sand-blast effect, but subsequently started doing femoral cannulation for such patients. In one patient with proximal arch atheroma the aorta was opened for atherectomy but contrary to expectation it was not ulcerated but hard and calcified, atherectomy was abandoned and CABG performed ( Table 6 ). The arterial conduits used in patients with normal aorta were LIMA in 612 and bilateral IMA in 124 while in patients showing aortic atherosclerosis it was LIMA in 11 patients and bilateral IMA in six patients. A statistical analysis of the risk factors and predictors for aortic atheromas was made (Table 7) which rendered the following results.
The patients above 60 years of age have a higher risk in group II (grade I, II and III) as compared to group I (normal aorta) ( 2 =4.84, P B 0.03). Stepwise logistic regression also identified age (\60) as a significant risk factor. (Odds ratio (OR) =0.73, P B0.05, 95% Confidence Interval (CI 95% ) =0.54 -1.00).
Diabetes mellitus is also associated significantly ( 2 = 5.01, PB0.03). Stepwise logistic regression shows (OR = 1.40, P B0.05, CI 95% =1.04 -1.88).
Carotid artery disease is significantly associated in the two groups ( 2 =8.33, P B 0.01). Stepwise logistic regression also revealed that the risk of having the disease is 1.68 times more in group II than in group I (OR = 1.68, P B 0.01, CI 95% =1.18 -2.39).
CXR calcium is also highly significant ( 2 = 10.30, PB 0.01). Logistic regression also shows that the risk of having the disease is 1.66 times more in group II. (OR= 1.66, PB0.01, CI 95% =1.22 -2.27).
Triglycerides is highly significantly associated ( 2 = 11.13, PB 0.001). By logistic regression (OR = 2.13, PB 0.001, CI 95% =1.36 -3.36).
VLDL is significantly associated ( 2 =5.79, PB 0.02). By logistic regression (OR= 0.68, PB0.05, CI 95% = 0.50-0.90).
A total of nine vascular events were seen including six neurological events (Table 8 ). In the subgroup of 114 patients where modifications of surgical technique was done, no patient had any neurological problem, apart from a confusional state in five patients who recovered rapidly. One patient had symptoms and signs suggestive of a small peripheral embolus in the left lower extremity, which did not require surgical treatment. On the other subgroup, where no surgical modification was done, one patient had frank right sided hemiplegia, CT scanning revealed an infarct in the territory of left middle cerebral artery, the patient had no other risk factors for stroke, while five others had TIA. The hemiplegia had partially recovered when the patient was discharged from the hospital. Another patient in this subgroup who had a descending thoracic aortic atheroma developed acute abdominal symptoms on the second postoperative day. Laparotomy revealed massive gangrene of the small bowel, suggestive of superior mesenteric artery occlusion. This patient rapidly deteriorated and died after 2 days. All embolic events were noticed in the immediate postoperative period. The total number of neurological events was 0.76%. The operative mortality due to neurological complications was nil (Table 8 ).
Discussion
With improved methods of myocardial protection and perioperative care, open heart surgery has become possible in very high risk patients, i.e. elderly patients, patients with haemodynamic collapse and patients with poor left ventricular function. However, neurological complications are still a cause for concern and various studies have reported the incidence of neurological complications in the range of 1 -5% [3, 7] . There has been a spate of papers in the last 8-10 years emphasising the high incidence of atheromatous disease of the aorta in patients with coronary artery disease and its embolic potential [4, 5, 8, 10, 23] . These lesions remain undiagnosed till transesophageal echocardiography is done. Tunick et al. have reported the case of a relatively young patient with an ulcerated plaque and a superimposed thrombus in the aortic arch who had multiple embolic episodes over a 12 year period [25] . Intra-aortic atherosclerotic debris that is pedunculated and highly mobile is more likely to embolise than is layered immobile debris (73% vs. 12%) [10] .
Several studies underline the diagnostic impact of transesophageal echocardiography in the evaluation of patients with suspected aortic atherosclerosis [12, 16, 18, 19] .
The use of hand held probes has been advocated by many workers [14, 28] . Although the visualisation of the ascending aorta is probably better than by transesophageal echocardiography, the transverse aortic arch and the descending thoracic aorta cannot be visualised.
Although palpation has been the standard method of identifying aortic disease, it has been found to be relatively insensitive [14, 21] . Wareing et al. found that palpation could identify atheroma in only 38% of his 68 patients who had ultrasonographic evidence of significant atheromatous disease of the ascending aorta and palpation also underestimated the severity of disease [27] . Katz et al. reported a much better correlation between surgeon's palpation, transesophageal echocardiography and X-rays of aortic calcification than of aortic atheromatous disease [11] . It has also been postulated that palpation may dislodge soft atheromatous plaques [3] , though no study has mentioned any patient who had this complication.
There is abundant literature to show that the incidence of aortic atherosclerosis increases with age [7, 13, 15] . In our study, patients over the age of 60 years were found to be at a significantly higher risk of developing aortic atherosclerosis.
We also found a positive correlation between serum triglycerides and very low density lipoproteins (VLDLs) to aortic atherosclerotic disease, along with diabetes mellitus. Matsuzaki et al. stated that hypertension and hypercholesterolemia may play a role especially in younger patients in the development of atherosclerotic lesions of the thoracic aorta [15] .
We found a significant relationship between calcium seen on CXR and aortic atherosclerosis. Marschall et al. noted that atheromatous disease was found by TEE in 55% of patients with heavily calcified aortic knobs [13] . Katz et al. on the other hand found that calcification on CXR was not statistically related to the TEE There is no literature available on the distribution of atherosclerotic lesions in thoracic aorta in the Indian population resident in India or those who have migrated to other parts of the world. We found a very high incidence of atherosclerosis in transverse aortic arch (31.07%) as compared to ascending aorta (2.53%) and descending thoracic aorta (16.92%).
Atheromas of the descending aorta also constitute a high risk group. We have not attempted so far to deal surgically with them.
In the present study the incidence of neurological events in the study group was 0.76% (six out of 792 patients). None of these were in the group in which surgical modification was done. While out of the six patients which sustained neurological injury, none were fatal or severely incapacitating to the patient.
We and others [3, 17, 20, 21, 28] have shown that alteration in surgical techniques reduces the incidence of stroke. Hosoda et al identified moderate to severe atherosclerosis of the ascending aorta by ultrasonographic scanning in 36 of the 100 patients studied. No surgical modification was done. Three of the 36 patients (8.3%) had stroke as compared to 64 patients without atherosclerosis where none had stroke [9] .
Wareing et al. screened 1200 patients over the age of 50 years going in for cardiac surgical procedure using a hand held ultrasonic probe to evaluate the ascending aorta. The stroke rate in the series was 1.6%. No stroke occurred in the 27 patients with ascending aortic replacement, but it was 6.3% in patients in whom minor surgical modifications were done [28] .
There are, therefore, reasons for believing that manipulation of the aorta carries an inherent risk of dislodging atheromatous debris, if present. There are reports where invasive procedures on the aorta have been deferred (e.g. insertion of IABP) or modified (brachial instead of femoral route for cardiac catheterisation) after seeing aortic atheroma on TEE [10, 24] .
One important limitation of our study has been the fact that it is not a randomised, controlled study. We did not do randomisation because after visualising an ominous looking mobile atheroma in the aorta, we felt that on ethical grounds we had to take the necessary steps to prevent embolisation. We conclude that with careful study of the aorta, the incidence of neurological complications can be brought down very significantly.
grade of atheromatous disease while TEE evidence of calcification correlated significantly with aortic calcification on CXR [11] .
The relationship between carotid artery disease and aortic atherosclerosis has been studied by Mills and Everson, of the 14 patients with ascending aortic atherosclerosis 11 (79%) revealed a significant carotid stenosis [17] . In the present paper, the association of aortic atheromatous disease with carotid artery disease was also found to be significant (P B0.01) as in Table  7 .
In the present series there were ten patients with significant atheromas or severe calcification of ascending aorta where major modifications in surgical technique had to be resorted to. In patients with mild disease, usually no modification was done except the use of a Hydragrip (Atraumax surgical clamp inserts 61 mm, model FOG-6150, Applied Vascular Devices, Santa Ana, CA) clamp for aortic cross clamping.
The incidence of ascending aorta atherosclerosis has been reported to be much higher in the Western literature. Wareing et al. performed intraoperative ultrasonography in 500 patients and found significant atheromatous disease of ascending aorta in 68 patients, they resorted to a total of 168 modifications in the standard surgical technique. Ten patients in this group underwent graft replacement of the ascending aorta [27] .
Mills and Everson from New Orleans used 'no touch' technique of the ascending aorta where the proximal saphenous vein anastomoses are performed end to side to internal mammary artery grafts [17] .
